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INTRODUCTION

The determination of stresses and deflections in concrete pavements

with joints and/or cracks has been a subject of major concern for several

years. Since all of the analytical (closed form) solutions were based on

an infinitely large slab with no, or at most one discontinuity, they could

not be applied to analysis of jointed or cracked concrete slabs of finite

dimensions, or with various load transfer systems used at the joints and

cracks.

With the development of high-speed computers and the powerful finite-

element method, it is possible to analyze concrete pavements in a more

realistic manner. Various models have been developed for analyzing pave-

ment systems using the finite-element modeling techniques. However, little

was done in modeling joints and/or cracks with load transfer systems.

The finite-element computer'program presented here is based on the

classical theory of meidum-thick plate on Winkler foundation, and is

capable of evaluating the structural response of the concrete pavement

system with joints and/or cracks. The model, which provides several options,

can be used for analysis of a number of problems which can be summarized as:

1. Jointed concrete pavements with load transfer systems at the

joints.

2. Jointed reinforced concrete pavements with cracks

having reinforcement steel at the cracks.

3. Continuously reinforced concrete pavements.

4. Concrete shoulders with or without tie bars.

5. Concrete pavements with a stabilized base or an overlay, by

assuming either a perfect bond or no bond between two layers.

6. Concrete slabs of varying thicknesses and modulus of elastici-

ties, and subgrades with varying modulus of supports.

1
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GENERAL ASSUMPTIONS

The assumptions regarding the concrete slab, stabilized base, overlay,

subgrade, dowel bar, keyway, and aggregate interlock can be briefly summarized

as follows:

1. The small-deformation theory of an elastic, homogenous medium-

thick plate can be employed for the concrete slab, stabilized base

and overlay. Such a plate is thick enough to carry transverse

load by flexure, rather than in plane force (as would be the case

for a thin membrane), and yet is not so thick that transverse shear

deformation becomes important. In this theory it is assumed that

lines normal to the middle surface in the undeformed plate remain

straight, unstretched and normal to the middle surface in the

deformed plate, each lamina parallel to middle surface is in a

state of plane stress, and no axial or in-plane shear stress

develops due to loading.

2. The subgrade behaves as a Winkler foundation.

3. In case of a bonded stabilized base or overlay, full strain

compatibility exists at the interface, or for the unbonded case

shear stresses at the interface are neglected.

4. Dowel bars at joints behave linearly elastic, and are located

at the neutral axis of the slab.

5. When aggregate interlock or keyway is used for load transfer

system, load is transferred from one slab to an adjacent slab by

means of shear. However, with dowel bars some moment as well as

shear may be transferred across the joints.

2
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MODELING TECHNIQUE

For modeling the concrete pavement slab, the rectangular plate element

with 12 degrees of freedom was used. Figure l-a shows that at each node

thereare three displacement components: a vertical deflection (W) in the

Z-direction, a rotation (6X) about the X-axis, and a rotation (ey) about

the Y-axis. Corresponding to these displacement components there are three

force components: a vertical force (Pw), a couple about the X-axis (POX)

and a couple about the Y-axis (Poy), respectively. For each element, these

forces and displacement can be related by matrix notation:

fPe = [Ktop + Kbottom + Ksuble e (1)

where [Ktop]e, [Kbottom]e, and [Ksub] e are the stiffness matrices of the

top layer, bottom layer, and subgrade, respectively. {Pe is the force

vector and {De is the displacement vector of the slab element. For the

case where two layers (slab and stabilized base or slab and overlay) are

bonded, an equivalent layer based on the transformed section concept is

used to determine the location of the neutral axis of the element. The

following equations give the location of neutral axis for bonded two

layer system using the first moment of the equilvalent area of the

transformed cross section.

I- (ht + hb)ht

-E b h( 
2 )

ht +t hb

8 =  (ht+hb) - (3)

where a is the distance from the middle surface of the bottom layer to

3
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Figure 1. FINITE-ELEMENT MODEL OF PAVEMENT SYSTEM
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the neutral axis, 8 is the distance from the middle surface of the top

layer to the neutral axis, and ht, hb, Et. and Eb are respectively,

thickness of the top layer, thickness of the bottom layer, modulus of

elasticity of the top layer and modulus of elasticity of the bottom

layer.

The bar element as shown in Figure 1-b with two degrees of freedom

per node is used to model dowel bars at joints. Two displacement compo-

nents at each node are: a vertical displacement (W) in the Z-direction,

and a rotation (Oy) about the Y-axis. Corresponding to these two dis-

placement components are two forces: a vertical force (Pw) and a couple

about the Y-axis (P y). The force-displacement relation (including shear

deformation) for each bar element can be written as:

b= [KdowelIb {Dlb (4)

where [Kdowel]b is the stiffness matrix of the dowel bars, {P}b is the

force vector, and {D)b is the displacement vector of the bar element.
bI

The relative deformation of the dowel bar and surrounding concrete

is represented as the stiffness .of a vertical spring element (Figure 1-c)

between dowel bar and surrounding concrete at the joint face. The force-

displacement relation for this spring element can be written as:

F = KDCI A (5)

where KDCI is the stiffness of the spring element representing the dowel-

concrete interaction, F is the shear force on the dowel bar, and A is the

relative deformation of the dowel bar with respect to the surrounding

concrete at the joint face.

Neglecting the moment transfer (if any) across a joint or crack

5



wnere load transfer is achieved only by means of aggregate interlock or

keyway, the spring element show.i in Figure 1-c with one degree of freedom

per node is employed. The displacement component at each node is a verti-

cal displacement (W) in the Z-direction, and the corresponding force
.

component is a vertical force (Pw). The force-displacement relation for

a spring element can be written as:

INs = [KAgg1s {D}S (6)

where [KAgg]s is the-stiffness matrix of the spring element, and {P}s is

the force vector, and {D} s is the displacement vector for the spring element.

The overall structural stiffness matrix [K] is formulated by super-

imposing the effect of individual element stiffnesses using the topological

or the element connecting properties of the pavement system. The overall

stiffness matrix is used to solve the set of simultaneous equations having

the form:

{P} = [K] {D} (7)

where {P} is equivalent nodal forces for a uniformly distributed load over

a rectangular section of the concrete slab, and {D} is the resultant nodal

displacements for the whole system. The generalized stresses are then

calculated.

6



INPUT GUIDE FOR "ILLI-SLAB" FINITE-ELEMENT PROGRAM

The "ILLI-SLAB" finite-element program provides solution for the

deflections and stresses due to loading of concrete pavements vwith joints

and/or cracks. Longitudinal and transverse joints may have any or a

combination of load transfer system such as dowel bars, aggregate interlock,

and keyways. ILLI-SLAB program is also capable of handling a stabilized

base-or an overlay, by assuming either a perfect bond or no bond between

two layers. Thickness of the slab, concrete modulus of elasticity

and modulus of subgrade reaction can be varied from node to node.

The wheel loads may be applied to any slabs, and the stresses and

deflections at all of the nodes in the slab, stresses in the stabilized

base or overlay, vertical stresses on the subgrade, and transferred load

by dowel bars are computed.

The concrete pavement can consist of 1, 2, 3, 4, or 6 slabs

separated by one longitudinal and two transverse joints. The slabs are

numbered from 1 to 6, beginning from left to right in the direction of

X-axis, and from bottom to top in the direction of Y-axis. Each slab is

divided into rectangular elements of various sizes. The elements and

nodes are numbered consecutively from bottom to top along the Y-axis,

and from left to right along the X-axis. Joints are treated as rectangular

elements having zero width.

The program can accept only fixed form type of format which is detailed below.

Card #1

r NIX N2X N3X NlY N2Y NFOR

15 15115 15 15 15

7



-:- ... .7 ' ' -.. . -... ;.

NIX = number of nodes in X-direction in slabs I and 4.

N2X = numbe:r of nodes in X-direct.ion in slabs 2 and 5.

N3X = number of nodes in X-direction in slabs 3 and 6.

NlY = number of nodes in Y-direction in slabs 1, 2, and 3.

N2Y = number of nodes in Y-direction in slabs 4, 5, and 6.

NFOR = number of loaded elements.

Card #2 (Use as many as needed)

XC(I), I = 1, NIX+N2X+N3X

8F 10.3

XC(1) = X - Coordinate of node I.

Card #3 (Use as many as needed)

YC(1), I = 1, NIY+N2Y

8F 10.3

YC(1) = Y - Coordinate of node I.

Card #4

NSLAB NLAYER COMP CK

15 15 15 FlO.3r LAB = number of slabs, 1, 2, 3, 4, or 6.

NLAYER = number of layers, 1, or 2.

COMP = composite action factor, set COMP to 0 if no bond

exists between the slab and stabilized base or overlay,

and set COMP to 1 if complete bond.

8



CK = set CK to the value of subgrade modulus if subgrade modulus

at all points are equal, and set CK to 0.0 if not.

Card #5

i,--CT1 -F CE1 V(1)

F10.3 El.3 F10.3

CT = set CTI to the value of the top layer thickness if thick-

ness of the top layer at all nodes are equal, and set CT

to 0.0 if not.

CE1 = set CEl to the value of the modulus of elasticity of the

top layer if it is equal at all nodes, and set CEI to

0.0 if not.

V(1) = Poisson's Ratio of the top layer.

Card #6 (Read only if CTl = 0.0, use as many as needed)

ITI(1), I = 1, ((NIX+N2X+N3X)* (NIY+N2Y))

8FI0.3

TI(I) = thickness of the top layer at node I.

Card #7 (Read only if CEI = 0.0, use as many as needed)

EI1), I = 1, ((NIX+N2X+N3X)* (NIY+N2Y))

8E10.3

El(I) = modulus of elasticity of the top layer at node I.

9



Card #8 (Read only if NLAYER = 2)

CT2 CE2 V(2)

FlO.3 ElO.3 FlO.3

CT2 = set CT2 to the value of the bottom layer thickness if

thickness of the bottom layer at all nodes are equal,

and set to 0.0 if not.

CE2 set CE2 to the value of the modulus of elasticity of the

bottom layer if it is equal at all nodes, and set CE2 to

0.0 if not.

V(2) = Poisson's Ratio of the bottom layer.

Card #9 (Read only if CT2 = 0.0, use as manyas needed)

K T2(I), I = 1, ((NIX + N2X + N3X)* (NlY+N2Y))

8F10.3

T2() = thickness of the bottom layer at node I.

Card #10 (Read only if CE2 = 0.0, use as many as needed)

E2(1), I = 1, ((NIX + N2X + N3X)* (NlY+N2Y))

8E10.3

E2(1) = modulus of elasticity of the bottom layer at node I.

Card #11 (Read only if CK = 0.0, use as many as needed)

SUB(1), I = 1, ((NIX+N2X+N3X)* (NlY+N2Y))

8F10.3

SUB (1) = modulus of the subgrade reaction at node I.

10



Card #12 (Read only if N2X or N3X not equal to 0)

/LTDX

15

LTDX = type of load transfer in X-direction, set

LTDX = 0, if aggregate interlock or keyway

LTDX = 1, if dowel bars

LTDX = 2, if a combination of dowel bars and aggregate

interlock or dowel bars and keyway.

Card #13 (Read only if LTDX = 1 or 2)

DIN DOUT DE DS DL DJW DPR DCI

F10.3 FlO.3 ElO.3 Fl0.3 FlO.3 FlO.3 F10.3 E10.3

DIN = inside diameter of the dowel bars, set DIN to 0.0 for round

bars.

DOUT = outside diameter of the dowel bars

DE = modulus of elasticity of the dowel bars

DS = spacing of the dowel ;bars

DL = length of the dowel bars

DJW = joint width opening

DPR = Poisson's ratio of the dowel bars

DCI = dowel-concrete interaction

DCI for a round steel dowel bar may be determined from either Friberg's dowel

analysis or from the relation developed based upon a three-dimensional dowel

analysis:

11



a) Friberg's Analysis
K0 .75 D2 .5

DCI =-
0.041 D 0 .75 + 0.0004 K0 . 25 W

b) Three-Dimensional Analysis

DCI E 0.75
DCI =(0.057 - 0.010 D)(0.810 + 0.013 h)(l + 0.414 W)

where

E = concrete modulus of elasticity, psi

D = dowel diameter, in.

h = slab thickness, in.

W = joint width opening, in.

K = modulus of dowel support, pci

Card #14 (Read only if LTDX = 0 or 2)

Agg,X

ElO.3

Agg,X = aggregate interlock factor. Use a large value, i.e.,
8

Agg,X = lO for keyways.

Card #15 (Read only if N2Y not equal to 0)

IL
TDY

15

LTDY = type of load transfer system in Y-direction, set

LTDY = O,if aggregate interlock or keyway

LTDY = l,if dowel bars

LTDY = 2,if a combination of dowel bars and aggregate

interlock or dowel bars and keyway

12



Card #16 (Read only if LTDY 1 or 2)

DIN DOUT DE DS DL DJW DPR DCI

FlO.3 F1O.3 ElO.3 FlO.3 FlO.3 FlO.3 F1O.3 ElO.3

See Card #13 for notations.

Card #17 (Read only if LTDY = 0 or 2)

Agg,Y

ElO.3

Agg,Y = aggregate interlock factor. Use a large value, i.e.,

Agg,Y = 108 for keyway.

Card #18 (Read NFOR times)

NEL PRS Xl X2 Yl Y2

15 F1O.3 F1O.3 F1O.3 FlO.3 F1O.3

NEL element number of the loaded element

PRS = tire pressure

Xl, X2 = lowerand upper limits of the loaded area in X-direction,

in element coordinate system (local coordinates).

Yl, Y2 = lower and upper limits of the loaded area in Y-direction,

in element coordinate system (local coordinates).

13



TYPICAL EXAMPLES

Five example problems are presented here to illustrate various

applications of the 'ILLI-SLAB" finite-element program, for determining

the response of the concrete pavement system due to loading. Following

each example problem the finite-element mesh used for each problem, computer

inputs and outputs and a summary of maximum stresses and deflections of the

slabs, as well as load transferring systems are given.

Example 1, Jointed Concrete Pavement with Dowel Bars

Slabs = Two 25 ft. square panels.

Thickness = 12 in.

Modulus of elasticity = 5 x 106 psi

Poisson's ratio = 0.15

Load Transferring System = Round steel dowel bars

Inside diameter = 0.0

Outside diameter = 1 1/4 in.

Spacing = 15 in.

Length = 24 in.

Modulus of elasticity = 29x 106 psi

Poisson's ratio = 0.29

Dowel-concrete interaction - 2.4 x 106

Joint Width = 0.10 in.

Modulus of Subgrade Reaction = 200 psi

Load = 50,000 # at the center of joint in Slab 1

Contact pressure = 222 psi

Contact area - 15 ft. square

14
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Figure 2. FINITE-ELEMENT MESH CONFIGURATION USED FOR EXAMPLE
PROBLEMS 1, 2, and 3
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* FINITF ELEMENT ANALYSIS OF CONC. PAV. *

ANIL ft AE=?9'ATP
SUVIV! RSITY OF ILLINOIS 1977 *

NO. C. NoDES IN X-Z-IFFC-ICN SLABS 1,4= 7

NO. OF NODES IN X EIBECTICN SLABS 2,5= 7

NO. CF NODES IN X-DIBECTICV SLABS 3,6= 0

No. C' j rDES IN Y DIBFCTICN SLABS 1, 2,.3= 7

N. OF NODES IN _ DIREC.YICV SLABS .,5,6= 0

X C",RDiNATPS APE!

0.0 60.000 120.000 165.000 210.000 255.000
300.000 300.000 345.000 390.000 '635.00 80.000
540.000 600. 000

Y-COORDINATES ARE:

e.()6.0-00 i05.000 158.000 195.00 24w-0

NO. O SLABS= 2

NO. OF LAYERS =

COlP. ACTION= 0

PROPERIIES OF THE TOP LAYER IS:

PiZZ0ise RAIO'l Cr TOP LAYER- 0.150

THICKNISS OF TOP IAYEB=  12.000

iODULUS .p TOP iyep- G.EC'E 07

SDBGRADE MODULUS= 200.000

TYPE OF LOAD TRANSFER IS STEEL BARS

17



-- 'PiRi D = - O -F- -~L-4T d ¢- i- t-AP!S--i! - __________--________

i lD .! DI A.c C,
uu 31: DIA.: 1.2",
M?.DJLUS OF ELAS-ICITY7 0.290T OR

LLzt ;TH= 24. 0U)
PoissCN RATI]C 0.290
DJoi L-CONCRFTE INTEFACTICN= 0.240E 07

JOI';T WIDTI= 0.00

!Fi31SS KiCOO. x2 COOIL V1 YCOOD Y2CoR_

13 222.222 30.000 45.000 37.500 45.000

' 2222_- 22 -an-000 15 _000 0 0 7 5nn

NODE DY .F L EC ] C XROTATICN YROTATION SUBGRADE STRESS

1 0.506670-011 -0.204144E-05 -0.766415E-05 0.010
2 0.1'46796E-03 -0.768243E-06 -0. 585778E-05 0.029
3 0. 154(66?E-03 0.18L4832F-06 -0.534611E-05 0.031
4 0. 1i764F _G3 0.1'9!F10 - 0. 5171 42 E - 0 0-0-
5 0. 154681 -03 -0.184796E-06 -0.534611E-05 0.031
6 0.14F794F-13 0.768102E-06 -0.585777E-05 0.029
7 -0.1'i79RE-O3 4L2155E-05 -0.05 7664 -05 0.010
8-0.4b06E-03 -:59241E-05 -8: 104911E-0 0.09 - 0. 207f 4 4 -03 -0.246708F-05 -0- 592270F-05 0.0

10 -0.11199E-03 -0.426322-06 -0.459208E-05 0.0

13 -0.207Ot4EF-03 0.2_46712E-05 -0. 592267E-05 0.0
1l -0. 460083E-C3 0. 29253E-05 -0. 104911F-04 0.0
15 -0.126482E-02 -0.152,75E-04 -0. 159511E-04 0.0
16 9 0703"72E 03--4~S8!8 ~ 0.2411191E -950.
17 -0.24L$,55E-03 -0.3'45771F-05 0.451911F-05 0.0
19 -0.1719781-03 -".E40012E- 0.703404E-05 0.0
19 -0.244551E-03 0. 345762E- 05 0.451927E-05 0.0
20 )-3 T67f a03 0.8787E4 1 5 -3. 24 1--- -05 _--. 2 0 .--
21 -0. 126U82E-C2 0.152676E-04 -0. 19500E-04 0.0
2? -0 19936)E-02 -0.-12151F-04 -0. 147725E-04 0.0
21 -0332170E-03 -0.2331390E-04 0. 125735E-04 0.0
2 - e.. . 3 -e. - 73 : e- 43-2 E9. 334699F 04 0..--) --
25 0.80f4575E-03 -0.259296E-09 0.425179E-04 0.161
26 0. 500595F-03 0.133468F-04 0. 334902F-04 0. 100
27 -0. 332153E-03 0.231389E-C4 0. 125738E-04 0.0
23 &-.19931E 02 0.3i211 04i 0. 1"7722 0O-0-
29 -0.2J3681E-C2 -0. E1885E-04 -0.221844E-05 0.0
30 0.866 42 011- 03 -0. '5BO48E-04 0.419993-E-04 0.173_UO.37467E-SZ -R. -9975- . 1E- 4

33 f.3271J90E-02 0.459295E1-04 0.9436261-34 0.655
34 0.864237E-03 0.558651E-04 0.,419996E-04 0.173
39 -0.243679F-02 0.(1P5E- C4 -0. 22136E-05 0.0
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12.000 C.0 0.0 0.0
12.000 0.0 0..0 0.0

O.C C.139047 f. 01 0.169899F 01 0.714596F 00
12.00 0 -0.139047E 01 -0.169899E 01 -0.714596E 00

13:888 8:8. 8:8 0:9
91 0.0 C.3065391 01 0.0 0.170082E 01

12.000 -0.306539F 01 0.0 -0.170082E 01
12"?." 0.0 0.0 0.0
12. COO 0.0 0.0 0.0

92 0.0 C.0 0.0 0.0
12.00 n 0.0R- 0.0- 0.0
12.00 C.0 0.0 0.0
12.000 0.0 0.0 0.0

93 .0 .0 0.69923i 25-32
12.000 0.0 -0. 689923E 00 0.258320L 00
12.000 C.0 0.0 0.0
12.000 0.0 0.0 0.0

914 0.0 0.0 0.794421E-01 -0.5974J85E-01
12.000 0.0 -0.794421E-01 0.597485E-01
12.000 0.0 0.0 0.0
i;-O-O . Cee (.G 9'. 0.9

95 0.0 0.0 -0.261248E 00 -0.2249481-05
12.C00 0.0 0.261248E 00 0.224948E-05
12.000 0.0 0.0 0.0

96 0.0 0.0 0.794156E-01 0.5975521-0196 .00 0.0 0O"7,9,415 , 01 0575E0

12.000 0.0 0.0 0.0
12.000 0.0 0.0 0.0

97 0.0 0.0 0.6899011 00 0.2K8348F 00
12.000 0.0 -0.689901E 00 -0.258318E 00
12.000 0.0 0.0 0.0
12.000 0.0 0.0 0.0

8 0.0 C.0 0.0 0.0
12.030 0.0 0.0 0.0
12.000 0.0 0.0 0.0
i2.000 0.0 0.0 n 0
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hCpDF TRANSF'!'F'Lr LOAD NODE TRANSFERRED LOAD

43 -12C.917 50 120.917
44 -14%.576 -51 144.576
45 922. 204 52 -922.2n45J ',3. 6 53 -5'i' _ 156 -
47 922.271 54 -922.271
48 -144t.599 55 144.599
49 -120.913 56 120.913
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Example 2, Jointed Concrete Pavement with Aggregate-Interlock

Slab Two 25 ft. square panels.

Thickness = 12 in.

Modulus of elasticity = 5 x 1O6 psi

Poisson's Ratio = 0.15

Load Transferring System = aggregate-interlock

Aggregate Interlock Factor (Agg) = 5 x 104 psi

Modulus of Subgrade Reaction = 200 pci

Load = 50,000 # at the center of joint in Slab 1

Contact pressure = 222 psi

Contact area = 15 in. square
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Example 3, Jointed Concrete Pavement with Keyway

Slabs = Two 25 ft. square panels

Thickness = 12 
in.

Modulus of elasticity = 5 x 106 psi

Poisson's Ratio = 0.15

Load Transferring System = keyway

Modulus of Subgrade Reaction = 200 pci

Load = 50,000 # at the center of joint in Slab 1

Contact pressure = 222 psi

Contact area = 15 in. square
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. --

Example 4, Keel-Section for Runway

Slab = 25 ft. square panel

Thickness of the center = 12 in.

Thickness of edge = 18 in.

Modulus of elasticity = 5 x 106 psi

Poisson's ratio = 0.15

Modulus of Subgrade Reaction = 200 pci

Load = 50,000 # at the center of thickened edge

Contact pressure =222 psi

Contact area =15 in. square
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Example 5, Stabilized Base

Slab = 25 ft. square panel

Thickness = 12 in.

Modulus of elasticity = 5 x 106 psi

Poisson's ratio = 0.15

Base = Cement stabilized

Thickness = 6 in.

Modulus of elasticity = I x 106 psi

Poisson's ratio = 0.25

Composite Action Factor (COMP) = 1

Modulus of Subgrade Reaction = 200 pci

Load 50,000 # at center of edge

Contact pressure = 222 psi

Contact area 15 in. square
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_________2 ft___ '1. S

PROLE 5~ C
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PROGRAM LISTING
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1 ,/,?C x, JoINI PF:CGiFA!1 *

2 ,/.2Cx,'* F1FITI ElErE]Kl* ANALYSIS CF CONC. PAY.

RIAD (5, 6) X,?F2X,?3XlY,N2Y,NV'OR

NY=K1Y.3.2Y
ID'19=1X~ry

1 I5=rNX 1)*IhY-1

FDr

ID h52



i X v 11 '1 'E Eifsup 7'~J 'S L Pits,
1 Xl.T ;X! ci rCj; ist.2:STAT1 ST~f .Sr~1 BP71XF

2 XC. rXN2 px, v INY ,N2YN. NFOR, 11X. If9, DMB, IDji,

rI'1!iVSICN 4r9 .3)V2,lI'9,2Di IDM
1 ~ F F(um ~)S~(IDr9JU (2 .11 2) 9(49 F

14 ST1;T(Ib'I95) STR3(Di95,T T2(Ih.l JAB2( (Da5
*15 77(1 r9) XF(fDM§) ,yF (IDM) WX(Nx), yC(Kyf ,WIDMI4)#

2 FCR' A7 IaF103),
3 ORIIAT (/,lX.NO. OF NODES IN X-DIREC7ION SLABS 1 4'1,/

so V~~~rCF NOOLS IN X VIRECTICN SLABS 25,

S OX:.aJC. C? NODE"S IN YDI.L -I! SLABS 1,2,3=',15 /
OX,INO. CF NODES 11 N Y-DIRECTICN SLABS 4, 6.:I5f

4i ForN7'-OCDNT' ARE:',//,lC(3 i.

r eC'flA "_ 16.~ ARE.,/l I.
9 ORM AT/ iiiCc''o OF SLABS='* I5,//,l10X,' NO. CF LAYERS=',15,

1 X'00' 1Cc ACTC? 7E
11~C %~ "c-prcLIiiH t  Tp EhVR iso.)

12 FCRMAI 'Po2fOiFlo 3k)13 FORM!AS (/,101,*POISCCN RATI OF TOP 1AYER-',F1O.3)
16 FOA' /10XL'THiICKNESS CY TOP LAYER=1,F1O.3)

19 FOR'!A1 1/ 0,THICKI~SS CF ICP LAYER AT THE NODES IS:',
* 8(15 TiO 3)

22 FORiA~I (/,IH. rODULUS OF TOP LAYE=',ElO.3)

25t~ FORi 1,10 OrULUS OF TOP LAYER AT 'THE. NODES IS:',/,

?7 Fop!A (,/,i 'PECPERTIFE5 OF 7HE BOTTOM LAYER IS:,)

31 FeRPFAI '/,lOX,'TH1CK!1fSS CF VOTTCN LA!EP=;,FlO 3
33 FORMAR3 (/,lOI,'THICi NESS CF 13OTTCM LAYER ATHI NODES IS:'./,

38 FCFIMA4 ?/.iox,9C1DULUS OF IiOTTCM LAYE A~TE ODES IS:',,,

42 ?C-t.AI i&lox,1S3EGRALE MCDULS=',FlO.3)

F(15 6~RA (/,IXSUBGRAD2 MODULUS ATTH OSIS,/

FOREAS (2F1 3 lO3Ul.,l3)________

',rLUF ELISTICF10.3 lox 'OUTSlDf DIA. 'Flo. J lOX
'CSITE OF F.-' f4=;ES.3d OSPACING=!,f46.3.,l0X.

* '1~ii~' ~O / Ox'POSSN'E " Fl1='~ o 3.

//,10(lCX TWDJ=1F03

b2 FO~A! 1 E FIT'X PEESSI,2X,'Xl-COOl.',2X,'X2-COOB.'.

614 FORPMA-3 ,10k 15 5X bEFLCI ~XRTTO'
70 FC23 Al It -'WJOD'5K ELCIO'1,XRATN

* 5XIYR6ATC',5k UBGRADE STRESS,/) ___________
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BKR,.XY_5-.FfSSI,7X,IMAX_ ST1FESS' 1X,1 NSTRES./l)
41 ?F!PA1 ii lox 35 5 5rlO 3 3, F 15. 6;

03 vCPIA1 (c / 1ix lOCL' !X,liffiSFERD LC;.D',2lX,'NODEI,9X,
* 'TPANSPZ AllE rlcAD'~

85 FORt4 A! tlOX,.75.10X l1.3.20X 15, lox Y10. 3)

200 ?OBMAI (I5)
211 FORMAI1 //,lox1 ' TYPE C_ LCAD TBAflSPEf IS AGGREGA1E INTERLOCK')

213 ?OFiA M / lA" X'-ypT rr L04D TRANSFER IS COnS. OF AGL. INTERLOCK A
*ND 51HELFBlo.'

'102 EGATI ( -f-1);-)

T"Co
xl ) C.

R! AD 2t(5(
RIA') (5:.I-
WFS 6 Iit*f f ~LY W2 Y

c10 I1!C1 A Y

RAD (5,8i) WSLA NLAYIJR CC1P,CK

k1MITZ (19)1SLA6 .NLKYEECOMP

V rA Y)c -1 CF.1, v(1)

15 T()=:CT1 OT 1
GO TC- 616) CT1

V1I'ZE Tt 19(A1I)4,~f
17 TF IC~I.* 10

DO I1I=,?

V~rP 622) C11

WR 1 46 27)
RE AC (5 i2 Cl'2CE2, V(2)

~6 TO029
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30 Tk4,1) 2T

29 RTAr is.18 (I1(1,=1II9

DC
35 £2 (I) =Cr2

UPITE (6,36 E
GO IC 3736CE

34 READ (5 24h) Iz2 (I I ,1 I"9

GC 7 17 ()- 9

39 12 (1) =1. GoT 0

DO 1 4j1.-Y..flb

43Rl 46.421 C

IF~ Q!S1AB.EQ.1) GC TC 49
I~ j 12X.F .0) GO TO 999
r EALl XU u AV
WPITE 6 190
IF ( LT R XEQ. 1) WRITE (6,212)
IF 1 IrX.gQ 9) KAITE (16 jil

IF I'D.£.~G 1 0
P!AD ((5,6) QDIl),XDUTX,DEX,DSX,DLXDJWX,DPRX,DCIX
HP.31Tj A71 IX POUI ,EX DSX;DLX,LPS.X,Ecix,irJUx

n, rImu.Fn. .)GO TO 11.9
SHAX=C.35061 )* (DOIJTX-DINX) * ( DOU X**24DINX**2) **2) / ((DODIX*

1 riJX) **3)
of Te i5c

14.9 SllAX=C.7O605E* (DOUTX**2)
150 FYX=24.*Irix* 1.+DPRx ),(SHAX*LJWX**2)

IF LTrx,,!Q. 11 GO TO 99

S99 IF fl2 .f.0 GO T0 49
REAl (528_01. 1'1DY

IF ILTDT.FQ.2 WRITE -16 4213)

RYAD (5 i3 DIl 'DOUTY !y DSY DLY ivy DPRY DCII
WRTE (I7 LiY, ~ ~iDiDPfD~fDW

EIY=O. C19071*.(OUTY**4-DINY**4)
VA? AD~i a Z~3

1 Y=.3;06 J*D UTY-rINY)*( (DOUTY**24DINY**2)**2)/((DOJI*
r INY)**3)

GO TC 3501-

350 ;HI=24.*EI 1' 5PftT)/(iHAY*DJWY**2)
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I~ r1 jjy yr. GO TO 49

* 49 U ni 1O' (-Vi)
[112~ =C. V* 21 v~
DC .A1=.

SF(I)=0-

52 N (I =c

53 tWsu =c.1D

54YF (iV c:

*~ ~ XYI: ,Nl L r XNiW3X SF,SUB,T1,E1,V,
1 T2,E2,U.R,S,N IUI7 STIDM6,COIIF,ALAYfR
2 rI?X,T!OLTX,DEX, DSX:DLX , JWXUDIX,DPRX,FYX,LThX, AGGXD __

3tT Y ~t~1 D~fl~j3 W7DI-~DPR-Y.PFY Y -,LD Y-,AGGA--DeI X-jDCl Y)-
CALL UPTPI (1D'V5iD7A9,S6 ,SIIDMi6)

EC 0 il~zir

DO 63 f=i I nj P
63 Wz T F (6 ,6 4) 11L (I-).P B S(I) ,X 1 (1) X 2(11. Y1(l),Y2 (1) 8 2 2LALL IC~f (I IEL Pr 'S IXl#Yl*NY X YID9, F, IDMdX,2

PO 98 =1,T '
FC (I=P ((1-1)*.+ *SBl

98 WRl~f 6'7i1) ((I-1 *3+1)P( (1I-1) *3+2) ,P (I-1)'*3+3) ,FC (I)
CALL JS125 MRS (1fN9i1X j,N2X,NAX,WXl,NlY N2Y P~

* STR ,SIT2 TR SIRBI,STRI2,
1 ~ ~ 11F -mMPI~3XYV.I:tYRE LT1 ID. ff p T IS-
2 !SIAB XYD' D5XEJLX,X,DPRX FYX £Trik.AGX
3 F,~ fIYDJ'f,DPIIY,FYY,LIDY,AG6Y,DCIX.DCIY)

WR1T (6,81 1I S 7sSTRT1 4 1) 1j5

03 .917f (682 )TTI): S7B (1 3 J

IF -ISIEG O8

3)3- E~ 1 0)
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J2=f: +NY

if (N3X . GO 3+ 880
L1I= {iIX4N2Y-I)*v¥1L33=(NlX4N2X) *NY

L l=N
L2=K+NY

06 WPITE (C:,85) I1,XF(L1).L2,X?(L2)

IF C 1).I) CO TO 9C
IF (]ry. C) GO TO 90

N X iJ 1 i X 4N 3 X
JJ11= (X-1)* Y4 N1Y
DO 866 N=Z:1Y,J,11,NY

LL2=K+I
PH6 WITT (f,85) LL1,YF(L.1),LL2,YF(LL2)

90 CCNTINU1

ND
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*~~U~flCUT31F~ Y1Fi(I §Xl" 7 tLABNix ?2X,N3XSF,SUP,
T~fi id -IIU1,:S1;,:D17,ST IY1,COMP,N~LAYER, __

!, X , v --- F-YX,-LIDX*A GGX-,--- -- - -
I1JEGHQLrP' EDSY,DIY,D.1bWYDIYDRYFYY,LTrY.AGGY~rcix,'DCI[Y)

DI MY SIC! ir SFr9  (1301 DJIT r l 4k-b9 El+-m
l!D 101 1=1rs

I TU=? F14NY+,
A= P3 -x & E1 /2.
LC Yt;-Y 1111/2.

SF(J .
IF ~A.C~ GO 'TO 102
Ir A.W,.0.. %Q:L.13.EO.0.) GO TO 101

Ir (,IrE.tV.0 GO TO 5 10

IT (D.WX.LI.DJWIX=0.O1
DCX=DCIXt*D/D X
r'x~l:2*rinx/ IDJWX**3* 1.+FY)
!C2X=6.*rrx/CL JIX**2* (1.;F!7X~,)P
r3X'= (8j.YX *rrx/ (DiuX* I .+F yn
D4X= J2..-FYX) ~EX/ (DJWX* 1.+FYX)
DRX=.(1./((./rcx)+o1./r5x)))
5_ -2 .- lP x

5 3XSF 91 -:ix
SF 25 =-r2XS 27 =r*1X

I =2X

SF(~ E1XX

SF (66) -E2

S. (2) Dix
SF (84 =-D2X
ST (9C) =L3X

ST(1 =SF(1 +AGY
1SY (19)SFi1)-AGX
SF r55) S (551 -GX
Sir (641=Sf (6L4 4AGX
Si (62) =SF (82) .AGX
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b l'fL V.fC) c o 1 MoIo
rry=.:i*L;Y* p/rry
IF (rJkY.LE.C.O1) t)JbvYO.01

D5~Y= 12.*rJ)Y/ (LJblY**3* (1.+FYY))

SF (1 -PlY
ST (2) =-2Y

SF 37 nY

SF(39 =?Y
SF 411 =3YFSF ( =r2Y
SF 73 -l
SF 741-2

SF 77 =LIY
SP(B2 =11Y

IF (LTILY.FQ.1) GO T0 303
610 g=G-I

Sri (C) SF (10) -AGY
SP (37) =SF (37).AGY
Sr (6y) =5!(6) + GY

SF(82)1=SF (82) 4AGY
GO TC 303

1132 A VSU E3 RB (SUD1 *U (N."f + *S U BNf 3)+SJB(Ej)
AVT1= (TI (NFl *T 1 N2 .11 (14B 411 NE4

AVE 1 4E 1 4E1 4i11 Nr2T' 41 (N:!3 1 4E

V (2) =C.
GC TO 80041__________________

VP, '!72-t7 gl i2%E, KL2 2i~ /4.
R2=Al - *AVT2 *3/( 12.* (1. -V(2) **2)
GO TO 800*4 ___________ _____

AVT2= (T2 (NIl! +T2 (NE2) .1 ;E3 )*2TI!F4 J/14

AV12=I2?E 1 4 2E2 *]E2(NFj3+E2 NE4)~~ ________4______

EN A I =C. 5 * ( A V 1.+A VT 2t - E NA
AVT1.--O. 5*((PV7 1+2. *.lilA) *3* (AVT1-2.*E-NA1) **3)
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*~ V;___ 24 N A J) I V22*EIA 2)_*3)________

112= V 2 AVT 2 312.(1.-v 2)**2,
831 04 i2= 2. *!-

A2= 26 *A_____________________ ___

AB4= 4. *A*B

ft1 /6.*AE

s( 1 P= J * (0 . BS 6 0.SA S +30.*V (J) +84. ~U (J))
*S (2,3 =R(1 4 -33.*AS-15.*V (3) 6 . *1](3)) *B2

S 3.3=R(J) *(30.* ES+15. *V (J) *6. *U (J) )*A2

S S31~()*12C. *ASB. *U (3) *BSt
S (6, I=P J * (-15.*V () )*AB

S 19 ' J) F ) * 120.*BS+8.*U () )*A 1 4
S t1 5 3)R 3 * 30.*BS-60. *AS-30.* (3) -9.*(J ))
S (11.3 R 3 * -30.*hA.*U (3) *B2
5(1, ._- J.3)-- ;q-r uf

S 4 . _(11. *AS -2. *U (3) )*BS 4

7 (17) =0.
58.3) P() *(.*BS-8.*U(J))*AS4
SQ2JR(q) * (-60_*13S430.*AS-30.*V J)-84.*U(J))

S(22,J)SMI F-~(0*l+.UJ)A
5(23,3 lR (3)* f0.*AS-8.*U(J))*SLI

S 27j 0 (10.*BS-2.*U(3f)*A-14
29 j J F *11.*T3S 3.*A;0*3;'.* 1

S 0 tJ 15. *B3S-6* *J()*A2

-- IJ *-k . i s B
5 33,J=0.

s ~J )(3 .)

S 37,W 3)113

S =S(-,)

S(33 J =C.

S 4*5J I=S(9,J)
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5 50,)=f ( 2 J

5 P4J =S36,3)

S 61 5;(25,J)

(?7 J))

S (6,3 ( 3)J

S (70,j =0.

A S (71,01 C

SS3. 4 '1
S(76 J 0.S

S('79, ZS (1E,J)

S 82,3) =51

S i85,) =0.
S 036,3)=S(5,J)
S (37 3) =S (6, J)
S(98,a =C.
S(89,3 1=0.

30C s (90 ,) =S (9,3)
DO 301 !(-1 90 2

S(AP*AVSUB) /44' 100.

Q-ft=g * ;W8

SF 5 =SF 5 -f2240.* 4
ST 6 =SF 6 -17EIJ.*C5
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14 (hSF14l - 168').*Q4
Sf 15) =sF A -1176.*Q5

S r (23) S F (23 -11120.Q
SF (29)=SY 119 )-&552 *82

Sf (2 SF (27) -2760.*Q
SF (2=Sr.29 2179*05

Sr 27 .9 27 1 0.*2

SF 31)SI 28'l +125.*0Q

SF 304 SF 130~ .124 *S1

Sf 13~3 1PF (38) +f4s* 2

S(39)s F~ (3 +644.*QI

S7 (41 =SF (41) 42240.*04

5!'(±5) F 45) .2240.* Q
SF (46)S (46 +2758.
Sr 4J7 j St 47) -1624.*)2

SF q~L r(49 +1624 4*2

SF 5) =5 (53) 4

Sr 5L)=SF(54 ) -640.*C!3
qF 55) =5f (55) +8582.*Q

SF 7 : 57) -3836.So1
SF 58) = 58) +;786:*Q/
SF1591 5F 59) 1120.*Q4
SF 60 =SF 60) -1176.* 05
SF 6 1 =Sr 61) +.3836.*S
SF 62 =SF 62).1176.*o5
Sr 63 =!z 63) -l680.*Q3

srF6- =k 65) -(451J.*0
Sr' (6r,)=Sf 166) -f. 454.*1
SF (68)=Sf(68) +z240.* 04
SF (72 152 72 42240.*03
SF (73)=Sf (73) 4E512.'Q
SF (74)=S! (74)-3836.*02
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S" 77)=ST {77 - 168 C. 4L
(71) =SF(7P -1176.*Q5

SF (F,0=SF (80 4117C.*Q5
Sf ( ) =Sr(81 41120.*Q3SF' H2 ,=SF I82 +2 '178.*
S=( 4= F a. 1 1

S" C 6 F: FSC .2240.*?)4

303 Nl1
N J21 =7:r2
N %43 - 4

11=0
LO 3^2 11=1 4
Ln 302 12=11,4

DO 3C2 I-=1,3
DO 3C2 JL=1,

=JJ ,+ -(13-1 *34 (1.-1. *9

ffN ) ) *1E-* K( )1 rI3 I M7 (N (1 2) - N (11 )) 3

Sl (JK = S' (KK) 4 S F(JJ)
302 CCN'1I1'F

RY TURN
EV D
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t.' SU T T 1 ST, I P:i 6)

1 1=7 Ir!7- 1

DC i~ ~i;
_________ j K)=ST (J 4K

I 3=: I
DG 1000 1=1 11

10l02 S {ri+lE)=T(i4)-S(J.K+11-13)*SU(J*L)
1(10 13=13-1

12=12+1

y,(3) =7(J)

0C5 CG 1007 K=1 1

13=1 1-1
IF I-IL'58 1CC8,1003,100E

1011 ST (,1I )=ST (C1 K) -5-1(J + K.1-13- 1) SU (J L)
13=1 3-1

1010 CCNTIINtIE
1012 1414-1
1003 COIJTINU

E !'D
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1 p~ (1 13lM) YX2 (I DnL) ,Y2 (I D11,4)
DC 20C6 1=1.]CM4
?hfl=IFL (1) + ( I1t (1) -1) (NJY-1)

V2=PRS (I)*(QX2(IQ 2- X1) * * *(Y 2 1I Y1 (1) ) 2.
1) (1, P -j j- I (1 2i4 /2.}

F6=PRS ~I*X 2*-X 1*$)**3(I
7=-XPRIS)*2**.3Y1I 4.3

*1i _ _ _ * ___i______1__3; 6

__________________________2 4*JX (1*) *(4Y1(1)*-i()*4 )8
"10=P~~~s(~* )(;I *X ()*Y (Y* (I)yi

Fl1= ( jS 1 (1 21) .)y 2 Y 2 Y1 2 8

Ll= V!2-1) *3+1

B2=EO*2

A --k4-* J
33=B**3
AF-2=A*P**2'
A2B=A**2*E3
AE3= A*3**3
A3'P= A-i*3*B
P (J1) =P (J1) +(F1-0.75*F 4/h 2-0.25*F5/AB-0. 75*F6/B24 0. 25*F7/A34

A O358/2 B +0. 3 75* F9/ AB2 +0. 25*F 1 /B 3 -0.12 5* F11 / A 3 -0. 1 5

PP 1 1 5* F742 5/ A +/A-.5F6/B-0.25 *F 9/P.BA25* F 1 /B 2
P(L1)~~~~~~~~EI.~1+1) + 2~F/3.07*6U-.7*9AB035F/~2

P (.1 1+ 4 /V =p 2 *F11/A0. 5*F125/A2F/A3

P L ) r'111)+ (0.7 5*F-->/A2.0. 75*F5/A82-0. 275*F/A-0. 3 7 5*F/A2-
* 0.379*flo/ AE2+0. 15!1/3B0.125*FI2/AB3

125*2514A 0 2BL

1 i)=Pc )+- 5FAB037*/24O35S AB5*0. 12*
P * F1/.P012* 2D3)/A30.5*73 .

p lg~1. = p(v+11).(0.25*F./A35*-0.125AB2

2006 CCN~I1 N
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fyprlfyWI~] lqp 9)17 IIF P I 5 ~D16)

LC l')00 1-, V'
J (- 1) * I PM, 1

3000 p (I4L)=P 6+L)-r-(I) *SU (JtL)
12=1 2+1

(1)= r l) /S u J)
13=1 1- 1

*3'n03 ro 310011 L-l1 I4

I l L)a co1+1i) -P(1)*U JI
30 L=13I-1

i r 3&*,- -I 51~

3LI05 1 4-1~33 ~

= (1-) * 1)P(+ 7 * TJ*-1

3')06 cc!"TI :uy
IRFTURI!
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:,U:3IVfUTI:NE Sl'IRSS (I,)(9,NlX, N2Xg

I Z-E,*DN8 1 X Y V,U.NtIAYFRA,IEY T 1 7 CO!'PTl,
2 NSIAV X .Yv r,!x'Dsx~rfxx iPXFY LTPX i X

2llINU STF 1 (DA9 , 31 S'l 12 (1tL19 ,3) S2IT 1(ID,9, 5) ,STRB31 (1DM9,5),
3

j 4NX?~X TT (I rM 9), XF (I D r9) ,Y F (Ir
NlXY=V42X*NY.?X

IFJIif NX~lGO TO 11001
1F _I ):NX GO TO 40

I 3= N~ 2 X Y

G 40C3

I 3 '1Y
4&=t.-N2Y

Of) TO, OJC
40,31 Il1RY

.12=N 1X
13=0
24-ti-w2y

14 Oil3 DO 40C41 3= .'
STR1lfI3)=O0

4 004 S P21 .1) 0.

STrBl (!:J)=0.
S7P'2(1,J)=0

4,r1 (T.t6 . -1*1CR. 1.EQ.11.13.CH.I.EQ.I1* (I2-1) 1413.ORI.EQ.I 1*I2+

IF '.iC.3+ *141OR 1. (12-1) *1N1Y+I3.
I~~~F ;. iI , -t-tY*31 c Cj3

IF (iP~(I -.1 i)1 113) GO TC 4007
I7T (I -1( -1 1)11 11.+:3-N2Y) GO TC 4007
jr--~~ ' 1 2- lj:1 +13) GO TO 4 008
B= (y Q 1)-Y( )2.
A 1= A/F

J= 1* 3
L=1 1*3
STRi 1 1 =J6.CD1.-V1.i:c'18A J )P-U*B()6A*
1T 1) (2 -i !t V(JI(Jr- 6* Ar1

I,)(*(A*lV 1)4 J 8*A*-18*J+)*()-L1
1 P(31) i IA' (3+ 64 -*1V 1 P(*-2) .4*b*V( J+(3L)L)/ABLI

STF1 44.3 4O1* -(-J 4LI *Jp(l-*A*P + 21P (J*l)+4*A*

ST r(I,3)= *(BJ. 2)*AlD*P(JL ) 2rA*(2)*P(1))B*BPJ-*
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*091? TO#)2*(+- 4*#P+-1-*P l+1)) /AB4

IF (.Q(--11*1l+1+13+NY-N2Y) GO TO 4005
4007 A=(X (3 +11 1) )If//2.

E=(Y 1)-Y (I- l) )/2

ST31 STRI(1,1 '-6* A *V (1 M (3-5 +4 * A *V t1) *P (J3-4) +6* (B 1 V (1)
1 Al 3- 2 4 8*A' (1r (J- 1)+8* * P (3) - 6 *B 1 P (3+ L- 2) + 4*B*

D * -Si 2)-l (--f* A PP--5) + * AP I-3-4 46 -A .- I-- E-p

ST1r1 f1,3- -OF I(IE3) +U (1) 2 P (J -5) - 4* A P(J 3)2*P(P-2) +4*B*
IF U (LA.It C1 O O 4010

S IB (1, 1 =STP2 (1, 1) + (-6*A 1*V (2) *P (J-5) +Ij*A*V (2) *2 (J-4) +6* (B1 *V (2) *
1 Al) *r (3.2 4+EA*V (2) *P (J-1) 8*13*P(3) -6*B1*P (JtL-2) +4*B*

STP2 lF,2)Jk:TBi2 112) + (-E*A 1*P (J-5) +*A*P (3-4~ +6* (A 1V (2)*EI)
1 P J3-2)+**(3) +8*B*V(2) *P(J) -6*E1*V(2)*P(+L-2)LS*B*V (2) *
2 ..1 _ /A-I- -

131-) *2 p l' 4 4 (J+L-1))/ABI
40101If jI1rFO.(1-31-1 /11*11+11.13) GO TO 4011

Ir j.EO1I-I--I"1I1+1I1+I3-12Y) GO TO 4011

ISCC9 A= (X (1) -X (1-11) /2.

Al=A/P

A4= 4*A*P
3=1 *3

S-z~~~~~
1 P1 (d, 1; t31~~ 2) II*B-*-P~JL ~ 14~j*

1 '*A*-2 1)P 1) -8*1* P(J) -6* A 1*V(1)* P(J1)4*A* (1)*
2 A (.2)lE l
STE (12)=STF~( h 6*1* (1)p 2) 4* B* V(1) *P I3-L) +6*

1~~. W8 )I) (J;;,;"4
2 p (32 )/LI
STRi 1:3 =5T R1 (1 3) 4 U(1I * -2*2 (3-L-2) +4* B*P (3-L-1) + 2*P (J-L+ 1) +2*
1 P - JJ-2*P(J41) +L*A*P(J*3) )/AB4

STRJ~I, 1)= Td 1?, 1)'*(*Bl*P(-L-2)-4*B*P(J-L)e6*(B1+V(2)*A1) *
I (32)- 6*A*V (2) *P (J-1)-8*B*P (J) -6 A1*V(2) *P(J41) -l*A*V()

P~ j ) .0 11 1 1~ 6,B V P2 I *(3 14 2) *B li P(2 fJ )1 1 6*

1 ~A 1 *V ;2) *r1)P(3- 2) 8~p31 -* V ( 2) *P (5;-*t *P(J -4 *A*
2JL2 M4*j1) A 42 2

STfl_( 3) +11(2.-2 +4* *1J (-2) 2P(J-L+1)2

48013 If o dE.(-13-iY/ii*il+,l~ 3 O'0 *4b12
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jr aii 13-1) /1e10114134Y-ii2Y) Go 10 4012

r.c To n 1 u

F= ( (3j-Y (I-1) )/2._______ __________

AB4=4*A*B
J=T* 3
1=11*3

I IJ*ft*YJ *F (J-4)+6* (U.V (1 )*A1)*P (3-2) 48*A*V (1) *P (J-1) -

1 4 i*3~J4p'(1 +6; r1i i i hP (L2) +81 1*V (1)1P jJL46tA )

2 F(W))/A1B4
SWR - Q T 3 1L-5)42* F (3-L-2) + 4*B.*P (J-L- 1 ) .2*

1F (l-LF.EC.11 GO IC 4 15'
STR2 (J , 1) =SF 1 )+(6B* J12 4BF(-)-*lV()* 35

1 4*A*11 2, *P IJ-h) +(j* (B1V (2)*A1) *P(-2) 48*A*V (2) *P(0-1)-

S7IR21 (,7=s-F;J1 1 2)4 (-,E-*B1*V (2) *P 1 -L-2) -4*B*V 2*(JI)-*l
1 P J-5.+4*A*k ~~)+6 (Al4V (2)*B )*P(J-2)+B*A P(- 8E*V(2)*

1 P(-S) ('i) -2*.7-2) :4*E*P (3-1)44* A*P ()) /AB4
4015 IF E.(-3 1 I11 1 +13.OP.l.G!.I 1 '(2-1)4-1413) GO To 4012

IF (.YQ(1-13-1)/I*1+IIfr13-N2Y) GO TO 4012

tj0114 IF~ (':LIAYF..FC.2j GO TO 4016
i1 F 1 (1)*T 1 -*43/ (12. * (1.-V (1)**2)
no 43017 J=1 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

ST %ER (1,
4e17 SjIRB.2I J=0

401' IF fccmP.FQ.1) GO T0 4019
H 1=1 (I) *N 1 ()**3/(12.*(1.- V(1) **2)

SVTI1(I J-='P C*. *STIR1f1, J) / C*T 1(1)**2)
SIR!31 (1,J) -S7 FT 1 (1,3J)

~J3STRT2 =11; - 6 v11T1: , J) C*2()2
is 0

4019 ENA2=C.5Tl ill *(T 1 (I)I +T2 (I )(T1 (.I) +T2 (1) *E2(I) /11 (1))
FNA1=C.5* (711_I) +T2 (I))E

STii = (11,3) iI =f1 '6 I I I 1NA21 f

I,, A3 p13 (I~6. Q) (11N2

401SIE£2 (1,3) =H4*E.*S Rl I1 J * 1 T2 (~i!-2.*EW1A c
401 ;J=.*.1P Ij T 2 r

1 F4 1EQ.(II3-)/ 111I OIp.IEQ .1(-13-)/I1*I1*I1*13) GC TO
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IF( l -j IY)3 1Xi3413+!!Y- N2Y. O.. EQ. (1-3-1) /111. 1

S I~ 2 I I2=0.

S'IR1321792) =0
!&1 T(.!IIXP..r.1t2 1) !13) 60 50 4D24
GC TO 4I02%

402 rlT1 (1,1) = 0.

LI1P 2(I,1 =0.

4025 IF 4 T1I )QO.C..3iTI..EQ.)GO TO 4*026
GG 40 4006

4026 S1IT M I ,31 =O0.
RT PF 1 11:3 =0
SIR9i2 I, 3) -0.
STP?2 (I,3)0O.

so ALT (0O.25* (STRT1 (1, 1)-ST'iR (I2)**2+STRTI(I,3)**2)
srpr 1 : r E,) (:IE1 (1) S~B1 4 4 6  +

T"E2I,*)fS 2 (I1) .S12 (- ))/2.. +______

S-FQT(0.25*(S-TRT2( t;)SIRT2(I,2))**2.STBT21,3)**2)

SIR12.5lij= T1 (I 1 +sr 2 (1,2) )2.

F5 OT (0. 25* (sTPT21 (1, 1)-STRT21 (1, 2))**2STRT2 (1, 3) **2)

_______STP12(I (1~PEC, 1)+ 1fT2 (1,2)) /.-________
IT 0 . H*(-.2( )-STw H213*2

77 1=TlI) *12 (I)

IF '.S1AQ 1) ,GO TO 4100 53

J33=1'1X*NY

13CX- Dc
D5X=12.*ttX/frjwX**3* (l.+FYX))
r2X=6.*rrx/(jwx**2*( (1.FYX)

Jl=K
J 2= K+.'Y

4*101 XF p.2 -F. )
IF (t .0) GO 10 5100

1.2l= 4 NY
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Ir..-) GC I,4
';X=I. IX41 2X4:-X

1- (rJI.Y.LI. C.C1) 1xIWY=O.O1
DL Y = C1 y
r)Y= 12. *ELY/ g;JWY**.3 * 1. +FYY))

LL1= F
Iu-2= i :1
YF (LL 1) lY* ML1* 3- 2)-D2Y*P (LL1*3- 1) -DlY*P(LL2*3-2) -D2Y

* ~ '131 f(LL2)=-YF (111

\D
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